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PHASE  I REPORT 
NATIONAL  OAM  SAFETY  PROGRAM 


Name  of  Dam Neversink  Dam  S Reservoir  NY348 


State  Located New  York 

County  LocatecT~  Sullivan 

Stream Neversink  River 

Date  of  Inspection  July  21,  1978 


ASSESSMENT  OF 
GENERAL  CONDITIONS 


The  Neversink  Dam  is  an  earthen  dam  with  a concrete  cutoff  wail.  The  cutoff 
wall  is  founded  on  rock  and  the  foundation  is  grouted.  The  dam  has  been  in 
operation  since  1053  and  has  received  continual  maintenance  by  the  City  of 
New  York,  owner  of  the  structure.  This  investigation  has  found  nothing  to 
deem  the  dam  unsafe.  The  visual  inspection  encountered  a number  of  mainte- 
nance items  which  should  be  performed.  The  embankment  has  a large  number  of 
animal  holes  which  should  be  filled  and  seeded  to  prevent  surface  erosion. 

The  owner  should  consider  retaining  the  grassed  embankment  and  to  continue 
mowing  rather  than  planting  crown  vetch  which  easily  conceals  seepage,  minor 
sloughing  and  surface  cracks  should  they  occur.  Some  deterioration  of  the 
spillway  concrete  has  occurred  which  should  be  repaired.  Exposed  shale  along 
the  western  upstream  abutment  should  be  protected  from  erosion.  An  analysis 
of  the  dam's  spillway  indicates  the  structure  is  capable  of  passing  a Prob- 
able Maximum  Flood. 
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Overview  of  Neversink  Dam  Embankment. 
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View  oT  downstream  embankment 
clam.  In  lel't  center  ol  pi  etui 
small  shed  which  remains  alter 


Typical  woodchuck  hole  in  downstream  em 
bankmen t (ost  imate  100  holes  in  embank- 
ment). 


Another  woodchuck  hole  showi 
earth  that  can  be  removed, 
ing  also  occurs. 
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8.  Gate  house  area  showing  control  gate1 

mechanism.  Full  time  staff  keeps  facility 
we  I 1 ma i n t a i ned . 
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View  of  emergency  spillway  from  stilling 
basin  area.  Notice  significant  vegetative 
growth  in  spillway.  Left  is  fence. 
Discharge  tunnel  is  submerged  in  basin. 


View  of  downstream  area  below  stilling 
has i n . 


View  of  entrance  to  discharge  tunnel 
Some  spalling  has  occurred. 


vm 


I 


PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
NAME  OF  DAM  - NEVERSINK  ID#  - NY617 


I 


I 


| 

{ 


SECTION  1 


- PROJECT  INFORMATION 


1.1  GENERAL 

a.  Authority 

Authority  for  this  report  is  provided  by  the  National  Dam  Inspec- 
tion Act,  Public  Law  92-367  of  1972.  It  has  been  prepared  in  ac- 
cordance with  a contract  for  professional  services  between  Dale 
Engineering  Company  and  The  New  York  State  Department  of  Environ- 
mental Conservation. 

b.  Purpose  of  Inspection 

The  purpose  of  this  inspection  is  to  evaluate  the  structural  and 
hydraulic  condition  of  the  Neversink  Dam  and  appurtenant  struc- 
tures, owned  by  the  City  of  New  York,  and  to  determine  if  the  dam 
constitutes  a hazard  to  human  life  or  property  and  to  transmit 
findings  to  the  State  of  New  York. 

This  Phase  I inspection  report  does  not  relieve  an  owner  or  opera- 
tor of  a dam  of  the  legal  duties,  obligations  or  liabilities  asso- 
ciated with  the  ownership  or  operation  of  the  dam.  In  addition, 
due  to  the  limited  scope  of  services  for  these  Phase  I investiga- 
tions, the  investigators  had  to  rely  upon  the  data  furnished  to 
them.  Therefore,  this  investigation  is  limited  to  visual  inspec- 
tion, review  of  data  prepared  by  others,  and  simplified  hydrologic, 
hydraulic  and  structural  stability  evaluations  where  appropriate. 
The  investigators  do  not  assume  responsibility  for  defects  or  de- 
ficiencies in  the  dam  or  in  the  data  provided. 

1.2  DESCRIPTION  OF  PROJECT 

a.  Description  of  Dam  and  Appurtenances 

The  Neversink  Dam  is  an  earth  embankment  with  a concrete  cutoff 
wall.  The  concrete  cutoff  wall  is  founded  on  rock  and  extends  from 
the  rock  foundation  up  to  an  elevation  of  160  feet  below  the  top  of 
the  dam  at  its  center  and  slopes  up  to  an  elevation  of  20  feet  be- 
low the  top  of  the  dam  near  the  abutments.  The  concrete  core  wall 
is  surrounded  by  a central  core  section  composed  of  Class  A embank- 
ment compacted  to  97  percent  of  maximum  density.  The  remainder  of 
the  dam  is  composed  of  Class  B embankment  constructed  to  less 
stringent  compaction  requirements.  The  Class  B embankment  is  cov- 
ered by  rock  to  a depth  of  20  feet  at  both  the  upstream  and  down- 
stream toes  and  reducing  in  depth  to  10  feet  near  the  top.  The 
rock  embanking  is  topped  with  24  inches  of  earth  cover  and  12 
inches  of  topsoil.  The  upstream  slope  of  the  dam  is  2-1/2  hori- 
zontal to  1 vertical  at  the  top  flattening  to  3-1/2  on  1 at  the 


toe.  Downstream,  the  slopes  are  3 to  1 at  the  top  and  4 to  1 at 
the  toe.  The  dam  is  approximately  3,000  feet  long  and  has  a maxi- 
mum height  of  approximately  190  feet.  The  top  width  of  the  struc- 
ture is  60  feet.  The  upstream  face  is  riprapped  for  a length  of 
225  feet  along  the  slope  with  the  riprap  terminating  at  an  eleva- 
tion of  approximately  60  feet  below  the  reservoir  flow  line. 

The  major  spillway  is  located  near  the  northeast  end  of  the  dam  and 
is  a side  trough  spillway  with  an  ogee  crest  and  a trough  which 
discharges  into  a 30  foot  diameter  tunnel  which  conducts  the  flow 
to  a stilling  pool  in  the  Neversink  River.  An  aboveground  waste 
channel  is  provided  to  carry  flows  which  cannot  be  accommodated  in 
the  tunnel.  This  waste  channel  is  spanned  by  a steel  arch  bridge 
which  carries  a highway  across  the  channel  to  the  dam.  Flow  in  the 
Neversink  River  is  maintained  by  regulating  a discharge  from  the 
reservoir  to  the  discharge  tunnel  through  gates  in  the  control 
bui lding. 

Location 


The  Neversink  Dam  is  located  in  the  Town  of  Neversink,  Sullivan 
County,  New  York. 

Size  Classification 


The  maximum  height  of  the  dam  is  approx imatley  190  feet.  The  stor- 
age volume  of  the  dam  is  approximately  142,000  acre  feet.  There- 
fore, the  dam  is  in  the  large  size  category  as  defined  by  the  Rec- 
ommended Guidelines  for  Safety  Inspection  of  Dams. 

Hazard  Classification 


There  are  many  small  residential  developments  situated  along  the 
banks  of  the  Neversink  River,  the  receiving  stream  from  the  im- 
poundment. Route  55,  a New  York  State  Highway  traverses  across 
the  top  of  the  dam.  Therefore,  the  dam  is  in  the  high  hazard  cate- 
gory as  defined  by  the  Recommended  Guidelines  for  Safety  Inspection 
of  Dams. 

Ownershi p 

The  dam  is  owned  by  the  New  York  City  Bureau  of  Water  Supply. 
Purpose  of  Dam 

The  dam  presently  functions  as  a water  source  for  the  City  of  New 
York.  Flows  from  the  impoundment  are  conducted  through  the 
Delaware  Aqueduct  to  the  New  York  City  Water  System. 


Design  and  Construction  History 

The  Neversink  Dam  was  designed  by  the  New  York  Board  of  Water  Sup- 
ply. Construction  began  in  1941  and  was  completed  in  1953.  De- 
tailed accounts  of  the  construction  may  be  found  in  the  Delaware 
Water  Supply  News  which  were  published  during  this  era. 


h.  Normal  Operational  Procedures 

The  Neversink  Dam  and  Reservoir  are  actively  operated  as  a water 
supply  for  the  City  of  New  York.  A full-time  staff  provides  rou- 
tine maintenance  and  overall  survei lance  of  the  dam,  reservoir  and 
upland  drainage  area. 

1.3  PERTINENT  DATA 

a.  Drainage  Area 

The  drainage  area  of  the  Neversink  is  39.5  square  miles. 

b.  Discharge  at  Dam  Site 

No  discharge  records  are  available  at  this  site. 


Computed  Discharges: 

Ungated  spillway,  top  of  dam 
Ungated  spillway,  1/2  PMF 
tJngated  spillway,  PMF 

Elevation  (feet  above  MSL) 


Top  of  dam 
Maximum  pool  - PMF 
Spillway  crest 

Stream  bed  at  centerline  of  dam 

d.  Reservoi r 

Length  of  maximum  pool 
Length  of  normal  pool 

e.  Storage 

Top  of  dam 
Normal  pool 

f . Reservoir  Surface 

Top  of  dam 
Spillway  pool 


120,000  cfs 
50,400  cfs 
98,500  cfs 


27,000  feet 
26,500  feet 


142.000  acre  feet 

112.000  acre  feet 


1750.3  acre 
1477.76  acre 
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g. 


Dam 


Type  - Earth, 
length  - 2450  feet. 

Height  - 190  feet. 

Freeboard  between  normal  reservoir  and  top  of  dam  - 20  feet 
Top  width  - 60  feet. 

Side  slopes  - 2.5  horizontal  to  1 vertical  - upstream. 

3 horizontal  to  1 vertical  - downstream. 

Zoning  - Yes. 

Impervious  core  - Core  wall. 

Orout  curtain  - Extensive  grouting. 
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SECTION  2 - ENGINEERING  DATA 


2.1  DESIGN 


1 

The  information  available  for  review  of  the  Neversink  Dam  in- 
cl  uded: 

1 

1) 

Contract  description  of  work  and  specifications  or  the  con- 
struction of  Neversink  Dam,  Contract  365,  January  2,  1948. 

1 

2) 

Contract  description  of  work  and  specification  for  the  con- 
struction of  Neversink  Tunnel  , Contract  386,  January  2,  1948. 

1 

1 

3) 

Drawings  titled  "Distribution  of  Various  Class  B Materials, 
Place  in  Neversink  Dam",  Section  at  Sta  18  + 00,  December  31, 
1949,  brought  up  to  date  December,  1950. 

1 

4) 

Drawing  on  borrow  area  locations  dated  October  31,  1947. 

1 

5) 

Drawing  on  borrow  area  No.  1,  Soil  Analysis  dated  December  29, 
1945. 

1 

6) 

Drawing  on  borrow  area  No.  2,  Soil  Analysis  dated  December  30, 
1946. 

7) 

Drawing  on  Neversink  Tunnel,  Contract  386,  entitled  "General- 
ized Geologic  Sections  Showing  Geology  as  Exposed  During  Ex- 
cavation". 

8) 

U.S.G.S.  quad  sheets  of  the  area. 

9) 

See  Appendix  D of  this  report  for  other  references. 

>.2 

CONSTRUCTION 

l 

1 

The  information  regarding  the  dam's  construction  is  stored  in  the 
archives  of  the  New  York  City  Roard  of  Water  Supply.  A significant 
amount  of  information  on  the  construction  was  obtained  fram  the 
Delaware  Water  Supply  News  (See  Appendix  D). 

I 

2.3 

OPERATION 

1 

See 

Section  4. 

2.4 

f 

EVALUATION 

f 


The  Engineering  data  reviewed,  indicates  that  the  dam  was  carefully 
constructed.  A complete  evaluation  of  the  vast  amounts  of  data  are 
beyond  the  scope  of  this  report.  Nothing  has  been  found  to  require 
additional  research  for  review  of  such  data  at  this  time. 
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SLCTION  3 - VISUAL  INSPECTION 


SUMMARY 


a.  General 


The  visual  inspection  of  Neversink  Dam  and  Reservoir  took  place  on 
July  21,  1978.  The  large  earthen  dam  has,  reportedly,  not  under- 
gone any  significant  improvements  since  being  put  into  operation. 
Mr.  Ben  Musso,  Section  Engineer  in  charge  of  maintenance  of  the 
dam  has  been  working  and/or  living  at  the  site  from  the  beginning 
of  the  dam's  construction.  He  indicated  that  the  New  York  City 
Board  of  Water  Supply,  designers  and  managers  of  construction  of 
the  facility,  routinely  inspected  the  dam  for  a number  of  years 
after  its  construction.  Early  efforts  included  routine  maintenance 
and  record  keeping  of  piezometers  and  the  survey  of  monuments  on 
top  of  the  dam.  Mr.  Musso  was  questioned  about  an  incident  re- 
ferred to  in  a text  on  earth  dams  (Ref.  12)  related  to  internal 
embankment  cracking.  The  text  referring  to  a discussion  in  the 
Delaware  Water  Supply  News  (Ref.  7)  indicated  that  the  rigid  con- 
crete cutoff  wall  which  extended  well  up  into  the  embankment,  pro- 
duced internal  cracking  in  the  embankment  due  to  the  high  compres- 
sion stress  developed  near  the  top  of  the  concrete  structure.  This 
internal  cracking  reportedly  produced  a pervious  zone  50  feet  above 
the  foundation  in  the  otherwise  very  impervious  core  area.  Mr. 
Musso  indicated  he  was  unaware  of  this  situation.  The  inspection 
did  not  detect  any  sloughing,  seepage  or  cracking  in  regards  to 
that  specific  incident. 

b.  Dam 

The  dam  and  spillway  system  visually  conforms  to  the  plans.  The  dam 
embankment  is  shown  in  Photographs  2 and  5.  A cover  crop  of  crown 
vetch  is  being  established  on  the  downstream  face  (See  Photograph 
2)  to  eliminate  the  need  for  mowing  the  embankment.  At  this  time, 
the  major  portion  of  the  embankment  receives  periodic  mowings.  An- 
imal holes  have  been  a continued  source  of  nuisance  in  maintenance 
of  the  embankment.  The  inspection  disclosed  approximately  100 
woodchuck  holes  on  the  dam.  Minor  sloughing  and  minor  erosion 
around  woodchuck  holes  is  evident  in  a number  of  locations  on  the 
face  of  the  embankment.  The  embankment  was  inspected  below  the  toe 
and  at  the  abutments  with  no  evidence  of  sloughing,  movement  or 
seepage.  The  west  abutment  has  outcropping  of  loose  rock  material. 
This  material  does  not  show  signs  of  erosion,  but  should  be  pro- 
tected against  future  erosion  potential.  The  riprap  is  generally 
in  good  condition. 

c.  Spillway 

The  spillway  is  a masonry  ogee  type  structure  which  falls  in  three 
tiers  into  a large  side  channel  spillway  trough.  Significant 
spalling  of  the  concrete  floor  system  with  some  undermining  of  the 
spillway  facing  has  occurred  and  minor  seepage  was  evident  at  the 
time  of  inspection.  The  masonry  work  generally  remains  in  good 


^y-.-B?ggr 


condition.  Drain  covers  in  the  spillway  were  removed  at  the  time 
of  inspection  making  the  drainage  system  subject  to  possible 
clogging  from  debris  over  the  spillway.  The  spillway  discharge 
tunnel  was  viewed  from  above  but  no  visual  assessment  could  be  made 
of  the  structure. 

d.  Appurtenant  Structures 

The  drawdown  intake  structure  was  visited  in  the  below  grade  intake 
area.  It  was  demonstrated  by  the  Bureau  of  Water  Supply  that  the 
system  was  operating  properly. 

e.  Reservoir  Area 

The  reservoir  area  is  generally  forested;  some  exposed  ground  areas 
have  contributed  relatively  small  amounts  of  erosion  and  sediment 
into  the  reservoir  in  the  past.  The  Bureau  of  Water  Supply  has 
planted  trees  in  these  areas  to  stabilize  the  bank  of  the  reser- 
voir. 

f.  Downstream  Channel 


The  downstream  channel  was  found  to  be  in  good  condition. 
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SECTION  4 - OPERATIONAL  PROCEDURES 


4.1  PROCEDURES 

Operational  procedures  were  not  observed  by  the  inspection  team. 

The  dam  and  reservoir  is  owned  by  the  New  York  City  Board  of  Water 
Supply  and  are  maintained  by  the  staff  of  the  Delaware  Division 
located  in  Grahamsvil 1 e.  New  York.  It  is  the  staff's  responsibil- 
ity to  maintain  and  operate  the  facilities  under  the  direction  of 
the  central  office  in  New  York  City.  Operators  are  believed  to  be 
on  duty  at  all  times  at  the  site.  Mr.  Ben  Musso  indicated  opera- 
tion manuals  and/or  procedures  are  documented  for  all  appurte- 
nances. During  normal  conditions,  the  water  surface  elevation  of 
the  reservoir  is  at  the  spillway  crest. 

Control  gates  in  the  intake  chamber  building  can  divert  flows  via  a 
tunnel  into  Rondout  Reservoir  and  into  the  Delaware  Aqueduct  system 
and/or  into  the  Neversink  River.  Maximum  discharge  in  Neversink 
River  under  normal  head  is  200  MGD,  while  maximum  discharge  into 
Rondout  is  500  MGD.  Neversink  Reservoir  contains  37  billion  gal- 
lons of  water.  The  New  York  City  Water  Board  augments  discharges 
into  the  Delaware  River  System  to  meet  minimum  daily  flow  require- 
ments according  to  a Delaware  River  Basin  Agreement.  During  hot 
summer  weather  periods,  flows  are  augmented  above  the  minimum  level 
to  provide  a proper  dissolved  oxygen- temperature  relationship  to 
support  fish  populations  downstream  of  the  dam. 

4.2  MAINTENANCE  OF  DAM 

The  dam  is  maintained  by  its  full-time  maintenance  staff.  The 
Delaware  Division  Operations  Center  has  a complete  staff  capable  in 
operation  and  maintenance  engineering  for  the  facility. 
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SECTION  5 - HYDROLOGY  AND  HYDRAULICS 


I 


5.1  EVALUATION  OF  FEATURES 


I 

| 
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a.  Design  Data 

For  this  report,  no  information  relevant  to  the  hydrologic  and/or 
hydraulic  design  for  the  dam  was  available.  Analysis  provided  in 
Appendix  C was  performed  utilizing  information  obtained  from  con- 
struction documents  and  other  general  sources  of  information  listed 
in  the  reference  section  of  this  report.  Dimensions  used  in  the 
hydraulic  studies  were  scaled  from  the  plans  (in  some  instances, 
dimensions  were  scaled  at  1 inch  = 100  feet). 

The  massive  earth  embankment  of  the  Neversink  Dam  spans  the  valley 
of  the  Neversink  River,  a tributary  of  the  Delaware  River,  forming 
the  Neversink  Reservoir.  The  drainage  area  contributing  to  the 
reservoir  is  approximately  90  square  miles,  including  3 square 
miles  of  reservoir  water  surface.  The  volume  of  the  impounded  wa- 
ter is  a function  of  the  natural  watershed.  For  the  purpose  of 
this  investigation,  the  dam  and  spillway  were  analyzed  with  respect 
to  their  flood  control  potential.  This  potential  was  assumed 
through  the  development  of  the  Probable  Maximum  Flood  (PMF)  for  the 
watershed  and  the  subsequent  routing  of  the  PMF  through  the  reser- 
voir system.  The  PMF  is  that  hypothetical  flow  induced  by  the  most 
critical  combination  of  precipitation,  minimum  infiltration  losses 
and  concentration  of  run-off  at  a specific  location  that  is  con- 
sidered reasonably  possible  for  a particular  drainage  area.  For 
the  dam  location,  little  hydrologic  information  was  found  available 
from  previous  studies. 

The  hydrologic  analysis  was  performed  using  the  unit  hydrograph 
method  to  develop  the  flood  hydrograph.  An  attempt  was  made  to 
acquire  data  from  U.S.G.S.  on  their  stream  gage  at  Neversink  which 
is  below  the  dam.  The  gage,  which  was  installed  in  1941,  had  re- 
corded a significant  event  on  November  25,  1950  with  a peak  dis- 
charge of  22,300  cfs  prior  to  the  dam's  construction.  The  record 
of  the  flood  hydrograph  is  being  located  in  U.S.G.S. 's  archives. 
This  data  was  not  available  at  the  time  of  preparation  of  this 
report.  An  attempt  to  reconstitute  this  flood  using  unit  hydrograph 
parameters  is  shown  in  Appendix  C.  A magnitude  of  only  12,000  cfs 
was  derived  using  only  PMF  criteria  (i.e.  loss  rating  etc.).  In 
addition  to  the  stream  gage  record  for  the  flood,  additional  rain- 
fall data  is  needed  to  prepare  an  isohyetal  map  for  the  storm  over 
the  drainage  area.  For  this  study  only  a limited  amount  of  re- 
corded rainfall  data  for  the  flood  event  was  available,  whereas, 
additional  non-recording  data  will  be  needed  to  complete  this  par- 
ticular analysis. 

Using  only  available  information,  both  Clark  and  Snyder  coeffi- 
cients for  unit  hydrograph  parameters  were  estimated.  For  the 
Clark  Method,  values  of  Tc  = 7.40  and  R = 3.17  were  computed.  For 
the  Snyder  Method,  values  of  Tpr  = 5.2  and  CP  = 0.625  were  used  to 
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derive  two  unit  hydrographs  and  two  flood  hydrographs.  The  more 
severe  discharge  was  then  used  as  the  flood  hydrograph  in  the 
spillway  flood  analysis. 


I 

I 

I 
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The  Probable  Maximum  Flood  (PMF)  hydrograph  was  determined  using 
Probable  Maximum  Precipitation  rainfall  data  obtained  in  Hydro- 
meteorlogical  Report  No.  51.  An  index  rainfall  of  24.0  inches  for 
a 200  square  mile  area  for  a period  of  24  hours  was  adopted  for  the 
analysis.  Both  the  PMF  and  1/2  PMF  (SPF)  were  evaluated.  The  1/2 
PMF  was  assumed  to  be  approximately  the  Standard  Project  Flood 
(SPF)  in  utilizing  the  U.S.  Army  Corps  of  Engineers  Hydrologic 
Engineering  Center's  Computer  Program  UHCOMP.  The  peak  discharges 
for  the  Clark  Method  were  57,000  cfs  for  the  1/2  PMF  (SPF)  and 
107,300  for  the  PMF.  The  peak  discharges  for  the  Snyder  Method 
were  60,000  for  the  1/2  PMF  (SPF)  and  113,300  for  the  PMF. 

Hydraulic  studies  were  performed  on  the  side  channel  spillway,  the 
side  channel  trough,  and  discharge  tunnel.  These  computations  are 
included  in  Appendix  C.  A spillway  rating  curve  was  obtained  from 
this  analysis.  The  weir  control  (with  free  discharge)  was  found  to 
be  in  effect  up  through  a discharge  of  75,000  cfs  at  elevation  1450 
at  which  time  weir  submergence  occurs.  The  stage-discharge  rela- 
tionship was  developed  up  through  elevation  1454  with  a spillway 
flow  of  102,100.  At  this  elevation,  the  waste  channel  was  computed 
to  be  flowing  at  a depth  of  around  30  feet  with  the  discharge  tun- 
nel flowing  at  a capacity  of  48,300  cfs. 

The  flood  hydrographs  derived  using  Snyder's  parameters  were  routed 
over  the  structure  using  the  U.S.  Army  Corps  of  Engineers  Hydro- 
logic  Engineering  Center's  Progam  HEC-1  using  the  Modified  Puls 
Method.  No  drawndown  conduits  were  included  in  this  flood  routing. 
The  peak  flow  discharges  were  approximately  50,400  and  98,500  cfs 
for  the  1/2  PMF  (SPF)  and  PMF  events.  These  discharges  reflect  a 
reduction  greater  than  15  percent  in  peak  discharge  due  to  the  ef- 
fect of  the  large  reservoir  and  a significant  allocation  of  sur- 
charge freeboard  above  the  normal  pool  elevation.  The  computed 
stage-discharge  relationship  in  Appendix  C indicates  that  the  dam 
would  pass  the  PMF  with  7 feet  of  freeboard.  This  appears  to  be  a 
safe  margin.  The  Clark  and  Snyder  parameters  producing  similar 
unit  hydrographs  from  very  generalized  data.  It  would  be  prudent 
to  complete  the  work  started  with  reconstitution  of  the  flood  of 
record  to  verify  the  derived  unit  hydrograph. 


Experience  Data 


Information  obtained  from  knowledgeable  people  at  the  site  indi- 
cates that  the  spillway  is  flowing  during  the  spring  of  each  year. 
Since  the  dam's  construction,  no  significant  flows  relative  to 
spillway  capacity  have  been  reported. 
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SECTION  6 - STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

a.  Visual  Observations  and  Data  Review 

The  dam  embankment  shows  no  misalignment,  sloughing,  surface  cracks 
or  erosion  which  would  indicate  structural  movement  or  distress. 
Riprap  on  the  upstream  face  of  the  embankment  and  reservoir  slopes 
in  the  vicinity  of  the  spillway  area  is  generally  in  good  condi- 
tion. The  downstream  slope  of  the  embankment  is  covered  with 
grasses  which  are  mowed.  A crown  vetch  cover  crop  is  being  im- 
planted on  the  downstream  face.  No  indication  of  seepage  was  noted 
on  the  embankments  downstream  slope  or  surface  area  immediately 
beyond  the  downstream  toe.  Many  small  animal  burrows  were  noted  on 
the  downstream  face. 

The  sites  shale  rock  is  exposed  in  the  impounding  slope  along  the 
western  side  of  the  reservoir,  in  the  vicinity  of  the  dams  westerly 
abutment.  At  the  area  close  to  the  abutment,  the  shale  has  become 
"benched"  at  several  levels.  The  weathered  shale  residue  (soil- 
size  pieces)  remains  accumulated  on  the  slope.  The  condition  does 
not  appear  to  be  effecting  the  abutment  area  of  the  dam. 

The  stone  masonry  spillway  (waste  weir)  is  generally  in  structural- 
ly good  condition,  but  limited  seepage  occurs  through  the  spillway 
masonry.  The  floor  of  the  spillway  chute  (weir  channel)  consists 
of  poured  concrete.  Deterioration  (spalling  and  cracking)  of  this 
concrete  has  occurred  at  several  locations.  Masonry  for  the  waste 
channel  downstream  of  the  spillway  weir  channel  generally  is  in 
good  condition. 

b.  Geology  and  Seismic  Stability 

The  general  area  encompassing  the  reservoir  site  is  underlain  by 
Upper  Devonian  sandstone,  siltstone,  and  shale  of  the  Walton  Forma- 
tion. A geologic  section  of  the  subsurface  for  the  centerline  of 
the  dam  shown  in  the  Delaware  Water  Supply  News  (pages  704-705) 
clearly  depicts  the  subsurface  materials  based  upon  borings  and  ex- 
cavations. 
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Geologically,  the  area  shale  tends  to  weather  readily  and  thus 
often  gives  the  appearance  of  severely  disintegrated  rock,  in  time. 
Occasional ly , siltstones  also  weather  easily.*  Although  the 
bedding  is  essentially  horizontal  in  this  area,  there  i^  extensive 
high  angle  jointing  present.** 

Neither  the  New  York  State  Geologic  Map  (1970)  nor  the  Preliminary 
Rrittle  Structures  Map  of  New  York  of  the  New  York  State  Geologic 
Survey  (1971)  indicate  the  presence  of  faults  in  the  general  region 
of  the  reservoir.  However,  the  geologic  section  shown  in  the 
Oelaware  Water  Supply  News  (page  704)  indicates  the  presence  of  a 
decayed  crush  zone  near  the  west  slope  of  the  dam  site.  A crush 
zone  usually  is  suggestive  of  faulting.  The  only  known  earthquake 
recorded  for  this  area,  occurring  in  1957  about  18  miles  southwest 
of  the  reservoir,  registered  3.5  on  the  Richter  Scale.  The  dam  is 
located  in  an  area  designated  Zone  1 on  the  Seismic  Probability 
map. 

Data  Review  and  Stability  Evaluation 

Various  design,  construction,  and  as-built  drawings  have  been 
available  for  review,  as  has  been  considerable  written  material  on 

the  different  aspects  of  construction  appearing  in  the  Delaware 

Water  Supply  News. 

The  design  information  indicates  this  dam  to  be  an  earthen  struc- 
ture that  is  provided  with  a central  concrete  cutoff  wall  which 
extends  to  rock.  In  the  dams  originally  deeper  valley  section,  the 

cutoff  wall  is  supported  on  caisson  foundations  which  penetrate  to 

sound  rock  underlying  the  site.  The  earthen  embankment  is  con- 
structed with  a core  section  and  a cutoff  trench  section  (sur- 
rounding the  concrete  cutoff  wall)  of  impervious  clay.  The  lower 
section  of  the  outer  shell  portions  are  constructed  with  semi- 
impervious  clay  mixture  soils.  Pervious  sand  and  gravel  material 
was  utilized  for  the  upper  sections  of  the  outer  shell. 


* Such  weathered  materials  would  not  make  a good  dam  founda- 
tion. Sheet  No.  13  of  Contract  386  in  the  dam's  construction 
required  all  such  materials  be  removed  down  to  solid  rock.  The 
Delaware  Water  Supply  News,  reporting  on  construction  of  the  dam, 
indicates  all  such  weathered  material  encountered  was  removed. 

**  A significant  amount  of  grouting  was  done  in  order  to  pre- 
vent seepage  through  the  bedding  planes  and  joints  (Delaware 
Water  Supply  News,  page  701). 


An  earth  slope  of  2-1/2  to  1 (horizontal  to  vertical)  is  utilized 
for  the  upper  portion  of  the  upstream  face;  the  lower  section  of 
the  upstream  face  is  constructed  at  a 3-1/2  to  1 (horizontal  to 
vertical)  slope.  On  this  upstream  face,  the  upper  section  is  pro- 
vided with  a dry  rubhle  paving  (riprap),  with  the  lower  section 
having  a surface  of  rock  embanking.  On  the  downstream  face,  a 
slope  of  3 to  1 (horizontal  to  vertical)  has  been  utilized  for  the 
upper  section  of  the  dam,  with  a 4 to  1 slope  being  used  for  the 
lower  section.  A rock  embanking  cover  is  provided  for  the  down- 
stream slope  of  the  structural  embankment.  An  approximately  three 
foot  thickness  of  plain  earth  and  topsoil  (for  grassing)  overlies 
the  downstream  rock  embanking.  A toe  zone  of  rock  embanking  is 
also  indicated  for  the  downstream  slope. 

Visually,  the  embankment  is  in  good  condition  with  no  indication  of 
instability,  deterioration,  or  seepage  problems.  The  literature 
review  indicates  that  some  cracking  of  embankment  was  experienced 
near  to  the  cutoff  wall  during  construction,  probably  from  settle- 
ment of  the  foundation  soils,  but  no  remaining  indication  of  that 
or  other  structural  problems  was  evident  at  the  time  of  the  field 
inspection.  The  dams  design  is  in  general  accordance  with  the  en- 
gineering professions  past  practice  for  similar  type  structures 
where  satisfactory  performance  has  resulted.  It  is  anticipated 
that,  properly  maintained,  this  dam  will  continue  to  serve  satis- 
factorily for  future  loading  conditions  which  are  similar  to  those 
of  the  past.  Maintenance  should  extend  to  protection  of  the  (erod- 
ing) natural  shale  exposed  along  the  western  side  of  the  reservoir 
adjacent  to  the  westerly  abutment,  and  include  repair  of  deterio- 
rated concrete  in  the  spillway  area. 
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SECTION  7 - ASSESSMENT/REMEDIAL  MEASURES 
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7.1  OAM  ASSESSMENT 


On  the  basis  of  the  Phase  I visual  examination,  the  earth  embank- 
ment of  the  Neversink  Oam  appears  to  be  adequate  for  normal  reser- 
voir operation.  A vast  amount  of  narrative  information  (See  Refer- 
ences, Appendix  0)  on  this  structure  has  been  reviewed,  however, 
the  data  is  far  short  of  being  complete.  In  general,  the  data  in- 
dicates that  the  structure  has  been  designed  using  modern  stan- 
dards. The  New  York  Board  of  Water  Supply  has  not  been  able  to  pro- 
vide design  data  which  is  located  in  their  archives. 

The  dam  embankment  shows  no  sign  of  movement,  seepage  or  distress 
and  is  generally  in  good  condition.  The  visual  inspection  located 
a significant  number  of  animal  holes,  believed  to  be  woodchuck 
holes,  in  the  downstream  embankment.  The  holes  have  caused  minor 
sloughing  and  erosion  and  present  a nuisance  to  individuals  who 
have  to  mow  and  maintain  the  dam  embankment.  The  New  York  Depart- 
ment of  Environmental  Conservation  Fish  and  Game  Section  indicate 
woodchucks  will  burrow  very  close  to  the  surface  (See  Appendix  E) 
and  should  not  be  capable  of  causing  piping  in  a large  dam.  The 
downstream  face  of  the  dam  is  being  implanted  with  crown  vetch  in 
an  effort  to  minimize  mowing  and  maintenance  work.  This  will  make 
it  difficult  to  visually  inspect  the  embankment  surface  and  is  not 
beneficial  to  overall  dam  safety  considerations.  It  is  important 
to  notice  problems  at  the  embankment  at  an  early  stage.  While  fre- 
quent mowing  of  the  embankment  can  be  a significant  expense,  it 
allows  the  dam  owner  the  opportunity  to  routinely  visually  inspect 
the  embankment  surface. 

A minor  amount  of  seepage  was  located  in  the  spillway  masonry.  De- 
terioration of  the  spillway  trough  has  also  occurred  in  a number  of 
locations.  Some  weathered  shale  rock  was  noticed  on  the  west  abut- 
ment. The  condition  does  not  appear  to  be  effecting  this  abutment 
area  of  the  dam.  The  dam  has  been  found  capable  of  passing  the 
Probable  Maximum  Flood  with  7 feet  of  freeboard  based  on  the  anal- 
ysis prepared  in  this  report.  Further  work  on  verification  of  the 
unit  hydrograph,  the  basis  for  the  flood  routing,  has  been  sug- 
gested. 

7.2  REMEDIAL  MEASURES 


a.  Alternatives 


The  following  recommendations  are  made  following  this  investiga- 
tion. 

1)  The  downstream  embankment  should  not  be  planted  with  crown 
vetch  plant  material.  The  embankment  should  continue  to  be 
mowed . 
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2)  Minor  erosion  and  sloughing  problems  from  animal  holes  should 
be  attended  to. 

3)  Deteriorated  concrete  surfaces  in  the  spillway  area  should  be 
repaired. 

4)  The  exposed  shale  along  the  face  of  western  upstream  abutment 
of  the  reservoir  should  be  protected  from  erosion. 
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APPENDIX  A 

FIELD  INSPECTION  REPORT 


CHECK  LIST 


McCarthey Dale  Engineering  Co, 

Colwell  Dale  Engineering  Co. 


FOUNDATION  . N/A 


CONCRETE/MASONRY  DAMS 


STAFF  GAGE  OF  RECORDER  N/A 


EMBANKMENT 


SHEET 


EMBANKMENT 


SHEET 


UNGATED  SPILLWAY 


GATED  SPILLWAY 


GATES  AND  OPERATION  None. 

EQUIPMENT 


OUTLET  WORKS 


SHEET 


DOWNSTREAM  CHANNEL 


SHEET 


INSTRUMENTATION 


SHEET  10 


RESERVOIR 


SHEET  11 


BORROW  SOURCES  See  N.Y.C.  Board  of  Water  Supply. 


MAINTENANCE  See  N.Y.C.  Board  of  Water  Supp 

OPERATION  . 

RECORDS 


REMARKS 


SHEET  15 


CHECK  LIST 

HYDROLOGIC  & HYDRAULIC 
ENGINEERING  DATA 


DRAINAGE  AREA  CHARACTERISTICS:  90-  so.  miles 

ELEVATION  TOP  NORMAL  POOL  (STORAGE  CAPACITY):  1AA0  - 

ELEVATION  TOP  FLOOD  CONTROL  POOL  (STORAGE  CAPACITY):  

ELEVATION  MAXIMUM  DESIGN  POOL:  2 

ELEVATION  TOP  DAM:  1A60.0 


CREST: 


a. 

E levat ion 

1440 

b. 

Type  Concrete .ogee 

weir  into  side  channel  trouqh  into  30' 

c. 

Width  dia-  i unr|e > • 

- 

d. 

Length 

600  feet 

e. 

Locat ion  Spl 1 lover 

East  Abu  men t 

f. 

Number  and  Type  of 

Gates  Non: 

OUTLET  WORKS:  (Drawdown) 


a. 

Type  Pipes  regulated  by  bro>'i 

gates 

b. 

Location  Intake  house  tunneled  into  outlet 

tunnel 

c. 

Entrance  Inverts 

d. 

Exit  Inverts 

e. 

Emergency  Draindown  Facilities 

Peak  capac i ty 

II5MGD,  I9MGD  at 

flow,  57MGD  day  of  inspection  for  fish  life  consideration 
(hot  day) . 

HYDROMETEOROLOGICAL  GATES: 


a. 

Type  U.S.G.S.  gauge  at  lower  extremity  of  stilling  basin  area 

b. 

Locat ion 

c. 

Records 

MAXIMUM  NON-DAMAGING  DISCHARGE: 
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Wildlife  Landlord 


Till-,  woodchuck  is  .1  nine li  I'cttcr  little  pal  lli.m  uusl 
folks  tlinik  lie  is  pimidcd  Ins  Iioiiic  is  located  wlicic 
l.c  can’t  pack  his  ]»atincli  with  produce.  On  a nick 
farm  lie’s  js  welcome  as  a June  frost  and  within  his 
100  sard  operating  radius  he’s  |ust  about  as  dc  ‘ mo- 
tive. But  a woodchuck  on  wasteland  is  a cherubic  ‘east 
specializing  in  hotel  management  and  with  a umvi  rsity 
degree  as  an  air  conditioning  engineer.  However,  it  our 
friend  was  college  bred,  it  must  have  been  a four  scar  h if — 
for  there  arc  fess  lazier  animals. 

In  the  excavating  department,  the  woodchuck  has  do.;  up 
all  sorts  of  honors  w hich  not  only  put  him  ahead  of  the  field 
hut  under  it. 
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For  its  average  10-pound  size,  the  chunky  ’chuck  is  our 
most  abundant  animal.  His  numbers,  however,  have  been 
whittled  to  the  point  of  virtual  elimination  by  persistent 
small-bore  hunters. 

All  this  is  well  and  good  on  agi  (cultural  lands.  But  when 
the  woodchuck  is  removed  from  non-crop  areas,  the  cotton- 
tail rabbit  and  such  furbearers  as  the  skunk  also  suffer. 

The  American  cottontail,  unlike  his  continental  counter 
part,  digs  no  burrow.  Nature  muffed  that  one,  for  this  most 
popular  of  all  game  animals  apparently  is  not  able  to  sn-vivc 
high  summer  heat  unless  cool  retreat  is  available.  N<  thcr 
can  the  bunny  survive  a combination  of  zero  weathe  and 
wind.  Here’s  where  the  woodchuck  hole  enters.  So  doi  the 
rabbit.  Moreover,  the  ’chuck’s  burrow  provides  handy  r tuge 
from  many  rabbit  enemies. 

Woodchucks  have  a common  blueprint  for  their  suusoil 
chalets.  Normally,  the  main  entrance,  or  plunge  hole,  is 
identified  by  a generous  mound  of  earth.  On  this  the  gn  zlcd 
proprietors  while  away  the  mid-day  hours,  scratching,  stt  tch 
ing  and  scanning  a surprising  amount  of  horizon. 

Usually  there  are  one  or  more  other  entrances.  No  telltale 
earthworks  mark  these  and  often  as  not  they’re  well  con- 
cealed. These  not  only  serve  as  escape  holes  but  also  it  is 
possible  they  are  deliberate  ventilators  in  the  woodchuck’s 
air  conditioning  plan.  The  passageways  normally  change 
course  at  abrupt  angles  here  and  there  and  terminate  in 
grass-lined  nests  the  size  of  a bushel  basket.  Most  burrows 
arc  dug  less  than  four  feet  below  the  surface. 

Woodchucks  arc  not  clannish  people.  A pair  mav  occupy  a 
burrow  but  most  of  the  year  one  old  whistle  pig  seems  to  be 
the  sole  proprietor.  The  soung,  normally  five,  are  born  in 
April,  hit  the  deck  in  earlv  June  and  are  kicked  out  of  house 
and  home  in  late  summer  to  set  up  their  own  diggings. 

The  ’chuck  never  feeds  for  long  without  snapping  upright 
to  take  a gander  for  enemies.  His  eves  are  plenty  sharp  and 
an  old  ’chuck  is  one  of  the  most  difficult  to  approach  of  all 
animals.  What’s  more,  a full  grown  ’chuck  has  few  enemies 
except  man,  for  thev  are  fierce  and  determined  fighters  and 
never  know  when  tncy’re  licked.  Young  ’chucks,  however, 
are  persistently  hunted  by  many  predators.  Owls  seldom 


get  a crack  at  them  bce<iusc  chucks  limit  their  activities 
to  daylight,  unusual  among  animals. 

Bv  late  September  or  earlv  October,  woodchucks  are  very 
f l.  Then’s  the  time  they  call  it  a season  and  go  undcr- 
ipound  until  early  spring.  1'hcy  are  true  hibernators  in  th.it 
when  torpid  their  body  temperature  approximates  that  of  the 
mi  around  them.  If  that  air  should  hit  the  freezing  point, 
tin-  woodchuck  could  lie  expected  to  freeze,  too.  However, 
studies  of  hibernation  have  shown  that  when  that  point  is 
n. idled  a chemical  reaction  in  the  animal’s  bodv  apparently 
serves  as  a kind  of  alarm  clock  and  the  critter  wakes  lip. 

I hen  the  hods  temperature  rises  to  normal  until  danger  is 
passed.  It  is  unlikely,  however,  that  the  woodchuck's  nest 
oer  approaches  the  freezing  mark.  It  seems  to  hold  a 
constant  temperature  of  around  40°  to  50°  all  winter. 

When  hibernating,  the  chuck  is  curled  in  a tight  hall 
and  its  respirations  mav  be  slowed  to  one  every  four  or  five 
minutes.  After  about  5}  months  of  this  sort  of  thing,  the 
woodchuck  feels  some  subtle  urge  to  get  going.  Out  lie 
s • mics,  often  as  not  when  there’s  still  snow  on  the  ground. 
Meantime,  of  course,  he  has  had  to  come  out  anyway  Febru- 
,t  2 for  a preliminary  survey  of  the  shadow  department  and 
to  give  off  a few  newspaper  interviews.  F.verybody  knows 
that.  But  otherwise  his  torpor  is  uninterrupted  for  nearly 
half  the  year.  His  fat  serves  him  well  as  a backlog  to  maintain 

I I c low  spark  of  life.  If  lie  should  be  dug  up  during  hiberna- 
l ai,  the  process  of  waking  is  slow.  The  ’chuck  staggers 
a wind  as  though  all  four  legs  were  asleep — w hich  they  were. 
I it  after  I 5 or  20  minutes  he  is  as  lively  as  ever.  Put  him 
b ck  down  a hole  and  he’s  soon  out  cold  again. 

I’hc  woodchuck  poses  a complex  management  problem. 
Unquestionably  he  has  no  place  on  agricultural  lands.  But 
w lien  he  lives  on  abandoned  farms,  in  the  woodlot  or  on 
hrushlands,  that’s  something  else  again. 

There’s  no  question  hut  that  his  burrow  is  a lifesaver  for 
millions  of  cottontails.  That  immediately  should  tag  him  as 
the  rabbit  hunter’s  best  friend.  Also,  that  burrow  is  a boon 
In  the  rural  boy  trapper  who  annually  harvests  an  estimated 
million  dollars  worth  of  fur  in  New  York.  A large  part  of 
tli.it  fur  harvest  is  skunk.  Ask  any  boy  where  he  sets  his 
I ips. 

On  the  other  hand,  the  woodchuck  is  an  important  source 


- burrows  have 
more Tt  one  exit- 


i sport  for  an  increasing  armv  of  small-bore  enthusiasts 
v no  find  in  him  worthy  tests  of  marksmanship  and  stalking 
ability.  For  the  most  part,  however,  our  hero  has  little 
i bailee  against  a combination  of  a good  ’scope  and  a high 
•velocity  cartridge.  Persistent  woodchuck  hunting  already 
has  cleaned  out  large  sections  of  the  countryside.  Unfortu- 
nately, a lot  of  ’chuck  hunting  is  done  in  spring  when  • 
bullseye  on  an  old  female  means  taps  for  her  roly-poly  young 
m the  nest.  And  the  hunter  thus  kills  off  bis  future  sport. 

Increasing,  also,  is  the  use  of  the  so-called  gas  bomb  for 
woodchuck  elimination.  Intelligently  used,  the  gassing 
method  undoubtedly  is  the  best  for  necessary  control  work. 
But  it  should  only  be  used  when  'chucks  arc  an  actual  threat 
to  agriculture  It  should  be  remembered  that  gas  is  non- 
sclcctivc.  Ihcrc's  little  question  but  that  hundreds  of 
thousands  of  cottontails  and  valuable  furbearers  have  been 
thoughtlessly  destroyed  by  its  indiscriminate  use. 

A young  woodchuck  is  good  to  cat  All  of  them  provide 
food  for  thought.  — Clayt  Siacuij 
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